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Abstract 



A self holding type connecting device comprising an armature (1 ) which is disposed movably in an axial direction, a magnetic 
path member (2) having a cross section formed along a closed loop and having an axial space (2a) wherein axial movement 
of the armature (1) is permitted, a permanent magnet (4) secured to the magnetic path member (2) and generating two kinds 
of magnetic flux which pass through the armature (1) and the magnetic path member (2), an electromagnetic coil (3) which 
generates the magnetic flux for moving the armature (1 ) in an axial direction against the two kinds of magnetic flux, and 
switch for switching direction of the magnetic flux from the electromagnetic coil (3). In the device, decrease of connecting 
force due to abrasion of pads does not occur and power consumption can be remarkably reduced. 
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(54) A self holding type connecting device 

(57) A self holding type connecting device compris- 
ing an armature (1) which is disposed movably in an 
axial direction, a magnetic path member (2) having a 
cross section formed along a closed loop and having an 
axial space (2a) wherein axial movement of the arma- 
ture (1) is permitted, a permanent magnet (4) secured 
to the magnetic path member (2) and generating two 
kinds of magnetic flux which pass through the armature 
(1) and the magnetic path member (2), an electromag- 



netic coil (3) which generates the magnetic flux for mov- 
ing the armature (1) in an axial direction against the two 
kinds of magnetic flux, and switch for switching direction 
of the magnetic flux from the electromagnetic coil (3). In 
the device, decrease of connecting force due to abra- 
sion of pads does not occur and power consumption 
can be remarkably reduced. 
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Description 

Background of the Invention 

Filed of the Invention 

The present invention relates to a self holding type 
connecting device, more specifically, a self holding type 
braking device which is connected to a rotating body 
and which brakes rotation of the rotating body, or a self 
holding type clutch device which is connected to a rotat- 
ing body and which transmits rotation of the rotating 
body to another rotating body. 

Description of Related Art 

The present invention will now be explained by 
exemplifying a conventional electro-magnetic braking 
device. In a conventional electro-magnetic braking 
device wherein a solenoid is used, when the solenoid is 
not energized, an armature is pressed to a rotor by 
means of mechanical force exerted by a spring, and the 
braking operation is done by the frictional force, When 
the solenoid is energized, electro-magnetic force is 
exerted so that the armature is separated from the rotor, 
and thus, the rotor is released from restriction of the 
braking device. However, if the spring is broken while 
the braking 

device is working, the braking operation will be 
released. Contrary to this, if generation of the electro- 
magnetic force is cut down due to breakage of the sole- 
noid coil or power source trouble, the braking device 
continues the braking condition. 

Further, continued power supply is necessary while 
the braking device is being disconnected. The spring 
force, and accordingly, the attracting force of the sole- 
noid, has to be increased in order to increase the brak- 
ing force, electric current supplied with the solenoid has 
to be correspondingly increased, and power consump- 
tion is inevitably increased. 

In the conventional electro-magnetic braking 
device, a brake pad is made in contact with the rotating 
body by means of mechanical force generated by the 
spring so as to generate braking force. If the brake pad 
is abraded, the extension of the spring increases, and 
accordingly, the pressing force of the spring decreases. 
As a result, the braking force is reduced. 

The above-explanation has been done with refer- 
ence to an electro-magnetic braking device, similar 
problems may occur in an electro-magnetic clutch 
device by which connection and disconnection between 
rotating bodies are performed. 

Objects of the Invention 

It is an object of the present invention to overcome 
the above-described problems inherent to a conven- 
tional electro-magnetic braking device or a conventional 
electro-magnetic clutch device. 



It is another object of the present invention to pro- 
vide a self holding type connecting device according to 
which magnetic force of a permanent magnet is used to 
hold the operating/no-operating conditions, and electric 

5 supply is required only when the condition between the 
operating/no-operating conditions is switched, and by 
which disposition of the spring is omitted, the operating 
and non-operating conditions are not switched due to 
trouble and/or damage of the constituent parts, 

jo decrease of connecting force does not occur due to 
abrasion of the pad. and power consumption can be 
remarkably reduced. 



15 



Summary of the invention 



According to the present invention, the above- 
described objects are achieved by a self holding type 
connecting device comprising an armature which is dis- 
posed movably in an axial direction, a magnetic path 

20 member having a cross section formed along a closed 
loop and having an axial space wherein axial movement 
of the armature is permitted, a permanent magnet 
secured to the magnetic path member and forming two 
kinds of magnetic flux which pass through the armature 

25 and the magnetic path member, an electric magnetic 
coil which forms magnetic flux for moving the armature 
in an axial direction against the two kinds of magnetic 
flux, and means for switching direction of the magnetic 
flux from the electric magnetic coil. 

30 According to the present invention, the armature 
may be so constructed that it is movable in an axial 
direction and is unable to rotate, whereby the armature 
constitutes an electro-magnetic brake for braking a 
rotating body. Further, the armature may be so con- 

35 structed that it is movable in an axial direction and is 
rotatable, whereby the armature constitutes an electro- 
magnetic clutch for transmitting rotation between the 
rotating bodies. In addition, the rotating body may be 
secured to a spindle of a motor whereby a brake motor 

40 or a motor provided with a clutch is constituted. 

According to the present invention, since a self 
holding type connecting device is provided, the braking 
or clutching conditions (operating/non-operating) do not 
change incidentally due to trouble of the parts constitut- 

45 ing the brake or clutch, and safety of the system is 
highly increased. 

According to the present invention, since the sole- 
noid is energized only when the operating condition is 
switched, electric power consumption can be remarka- 

so bly reduced. 

Further, according to the present invention, there is 
a tendency that the amount of the air gap decrease 
when a brake pad is abraded, as a result, the attracting 
force, and accordingly, the braking force, is increased. 

55 Thus, the performance is not adversely influenced even 
when the abrasion occurs. If a stop is disposed at a pre- 
determined position within the air gap, the pressing 
force (braking force) during the braking condition and 
the holding force during the non-operating condition can 
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be set at wilt. 

Brief Description of the Drawings 

The present invention will now be explained in 
detail with reference to the accompanying drawings, 
wherein: 

Fig. 1 is a cross sectional view for illustrating the 
operating principle of the present invention; 
Fig. 2 is an equivalent magnetic circuit of the condi- 
tion illustrated in Fig. 1 ; 

Fig. 3 is an equivalent magnetic circuit for explain- 
ing the transfer from the operating condition to the 
non-operating condition; 

Fig. 4 is a cross sectional view for illustrating the 
principle of the present invention under the non- 
operating condition; 

Fig. 5 is an equivalent magnetic circuit of the condi- 
tion illustrated in Fig. 4; 

Fig. 6 is an equivalent magnetic circuit for explain- 
ing the transfer from the non-operating condition to 
the operating condition; 

Fig. 7 is a cross sectional view of a brake motor 
wherein the present invention is carried out; 
Fig. 8 is a cross sectional view taken along line 8-8 
in Fig. 7; and 

Fig. 9 is a cross sectional view of a motor provided 
with a clutch wherein the present invention is car- 
ried out. 

Description of the Preferred Embodiments 

Referring to Figs. 1 to 6, we will now explain the 
operating principle of the present invention which is car- 
ried out in a self holding type electro magnetic braking 
device hereinbelow. 

The self holding type electro magnetic braking 
device according to the present invention comprises an 
armature 1 which is disposed movably in an axial direc- 
tion (horizontally on the sheet wherein Fig. 1 is illus- 
trated) and is unable to rotate about the axis, a 
magnetic path member 2 for passing magnetic flux 
therethrough having a cross section formed in a re- 
shape as illustrated in a cross sectional view in Fig. 1 
and having a small space wherein axial movement of 
the armature 1 is permitted, an electro-magnetic coil 3 
accommodated in the space of the magnetic path mem- 
ber 2, a permanent magnet 4 secured to the outside of 
the armature 1 , and non-magnetic members 5 and 5 
disposed at both the sides of the permanent magnet 4. 
The armature 1 has a brake pad 6 secured to the right 
side thereof, and when the armature 1 moves within the 
open space 2a of the magnetic path member 2 as illus- 
trated in Fig. 1 so as to be pressed against a rotor 7 
which is connected to an output spindle of a motor (not 
illustrated in Fig. 1), the braking operation is performed. 

The magnetic resistances of the air gaps 9a and 9b, 
which are formed in the open space 2a between the 



ends of the magnetic path member 2 and the armature 
1 , respectively, are proportional to the lengths of the air 
gaps 9a and 9b, respectively. The attracting forces 
exerted on the armature 1 through the air gaps 9a and 

5 9b are proportional to the reciprocals of the magnetic 
resistances of air gaps 9a and 9b, respectively. 

The lengths of the air gaps 9a and 9b in the follow- 
ing explanation are only for example, and they may be 
outside the exemplified range depending on the amount 

10 of stroke of the brake, the size of the brake and so on. 

(1) Upon Holding the Brake Condition in an Operating 
Condition: 

is In order to hold the brake condition in an operating 
condition, as will be described later, the electric coil 3 is 
supplied with current and the armature 1 is moved 
toward the rotor 7 so as to be in a condition illustrated in 
Fig. 1 . The equivalent magnetic circuit under this condi- 

20 tion is illustrated in Fig. 2. 

More specifically, since the armature 1 moves 
toward the rotor 7, the air gaps 9a and 9b vary, for 
example, the left air gap 9a becomes 4 to 6 mm and is 
larger than the right air gap 9b, which is 0 to 2 mm. 

25 Thus, the resistance of the magnetic path R1 becomes 
larger than that R2. Accordingly, the magnetic flux 01 
becomes smaller than that 02, and the attracting force 
F2 which is exerted in the air gap 9b becomes larger 
than that F1 which is exerted in the air gap 9a. As a 

30 result, once the armature 1 is moved axially, to the right 
in Fig. 1, the armature 1 is kept to be pressed against 
the rotor 7 due to the difference in the attracting forces, 
i.e., the holding force, which is equal to the amount F2 
minus F1. 

35 

(2) Upon Transferring the Brake Condition from the 
Operating Condition to a Non-operating Condition: 

As described above, upon holding the brake condi- 

40 tion in the operating condition, the magnetic flux 01 is 
smaller than that 02, and the attracting force F2 is 
larger than that F1 . In order to transfer the brake condi- 
tion from this condition to a non-operating condition, it is 
necessary to move the armature 1 against the holding 

45 force, which is equal to an amount F2 minus F1, in a 
direction wherein it is separated from the rotor 7. 
According to the present invention, this movement of 
the armature 1 is performed by the electro-magnetic coil 
3. The equivalent magnetic circuit upon transfer of the 

so brake condition from the operating condition to the non- 
operating condition is illustrated in Fig. 3. It is necessary 
to generate the magnetic flux o by the electro-magnetic 
coil 3, which flux directs as illustrated in Fig. 3. 

More specifically, if the electro-magnetic coil 3 gen- 

55 erates the magnetic flux o>, the combined magnetic flux 
(02 minus <D) being smaller than that (<D1 plus <l>), the 
armature 1 moves in a direction opposite to that 
described above, i.e., in a direction wherein the arma- 
ture separates from the rotor 7. Accordingly, the brake 
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becomes in a non-operating condition. 

(3) Upon Holding the Brake Condition in the Non-Oper- 
ating Condition: 

5 

The cross sectional view and the equivalent mag- 
netic circuit under the condition wherein the brake is in 
a non-operating condition are illustrated in Figs. 4 and 
5, respectively. More specifically, the left air gap 9a' 
becomes to a an amount, for example, between 0 and 2 10 
mm and is smaller than the right air gap 9b' which is for 
example 4 to 6 mm, and the magnetic resistance R2' 
becomes larger than RV, the magnetic flux <D2' / 
becomes smaller than 0>1. Thus, the relationship 
between the attracting forces in the air gasps 9a* and 9b' is 
is such that the attracting force F1* which is exerted in 
the air gap 9a' is larger than that F2' which is exerted in 
the air gap 9b'. The armature 1 is kept in a condition 
wherein it is separated from the rotor 7 due to the differ- 
ence in the attracting forces, i.e., the holding force, 20 
which is equal to the amount FV minus F2\ 

(4) Upon Transferring the Brake Condition from the Non- 
Operating Condition to an Operating Condition: 

25 

The equivalent magnetic circuit under the condition 
wherein the brake condition is transferred from the non- 
operating condition to an operating condition is illus- 
trated in Fig. 6. As described above, upon holding the 
brake in a non-operating condition, since the magnetic 30 
flux <DV was larger than that 02', the attracting force FV 
was larger than that F2\ In order to transfer the brake 
from this condition to an operating condition, it is neces- 
sary to generate the magnetic flux d>' by the electro- 
magnetic coil 3, which flux directs as illustrated in Fig. 6. 35 

More specifically, if the electro-magnetic coil 3 gen- 
erates the magnetic flux <l>\ the combined magnetic flux 
(OV minus O') being smaller than that (<D2* plus o*), in a 
direction opposite to that described above, the armature 
1 moves in an opposite direction toward the rotor 7. 40 
Accordingly, the brake becomes in an operating condi- 
tion. 

According to the present invention, a switch is used 
to control the generation of magnetic flux by the electro- 
magnetic coil 3 and control the generating direction of 45 
the magnetic flux 4> and 4>' by changing the polarities of 
the electric voltages supplied with the two wires con- 
nected to the electro-magnetic coil 3 so as to change 
the generating directions of the magnetic flux 0 and <D' 
by the electro-magnetic coil 3. Accordingly, the present so 
invention includes a switch for switching the generation 
and direction of the the magnetic flux by the electro- 
magnetic coil 3. 

An embodiment wherein the present invention is 
carried out in a brake motor will now be explained in the 55 
concrete. Fig. 7 shows a brake motor wherein the 
present invention is carried out. The right half portion in 
Fig. 7 constitutes a brushless motor, and an electro- 
magnetic brake according to the present invention is 
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disposed at the left half in Fig. 7. Although a motor 
according to the present invention is not limited to that 
illustrated herein and may be of any conventionally 
known type. The illustrated embodiment will now be 
briefly explained. 

A shaft 13 is rotatably supported in a case 11 by 
means of a pair of bearings 12 and 1 2. The shaft 1 3 has 
an output member, for example, a gear wheel 25, at the 
right end thereof, so as to take out output of the motor 
through the gear wheel 25. The shaft 13 has permanent 
magnets 1 4 secured at the center thereof which mag- 
nets serve as a rotor. An electric magnet 1 5, which is 
provided with coil and which will serve as a stator, is dis- 
posed in such a manner that it faces to the rotor 14 
forming a small clearance therebetween. The shaft 13 
has a small permanent magnet 16 at the left end 
thereof, which magnet is used to detect the rotation of 
the shaft 13. A hole IC 17 is disposed in such a manner 
that it faces the permanent magnet 16. The phase of the 
magnetic poles of the rotor 14 is detected by the perma- 
nent magnet 16 and the hole IC 1 7 so as to control cur- 
rent supply to the coil of the rotor 14. 

The shaft 13 has a disc brake rotor 19 formed in a 
circular and secured to the left end thereof by means of 
a lock screw 18. A brake rotor 21 which is similarly 
formed in a circular disc is disposed so that it faces to 
the circular brake rotor 19 of the shaft 13. Both of or 
either one of the brake rotors 19 and 21 have brake 
pads 6 attached thereto. A shaft 22 projecting from the 
brake rotor 21 has a circular disc 1 having a small diam- 
eter and secured thereto by means of a nut 20. The cir- 
cular disc 1 serves as the armature of the present 
invention. As will be described later, the brake rotor 21, 
the shaft 22 and the armature 1 are able to move in an 
axial direction as a whole but are unable to rotate about 
the axis. A permanent magnet 4 is disposed in such a 
manner that it faces the armature 1 . 

A magnetic path member 2 having a C-cross sec- 
tion is disposed in such a manner that its ends sand- 
wiches the small circular disc portion of the armature 1 . 
The magnetic path member 2 has a permanent magnet 
4 secured thereto and is so constructed that two sets of 
magnetic flux generated from the permanent magnet 4 
pass through the armature 1 , respectively. 

Small air gaps 9a and 9b are formed between the 
small circular disc portion of the armature 1 and the 
ends of the magnetic path member 2, respectively. The 
armature 1 is moved axially along the permanent mag- 
net 4 in this embodiment. However, if the radial thick- 
ness of the permanent magnet 4 is large, machining is 
very difficult. Further, rf the sliding surface is directly 
formed on the permanent magnet 4 itself, there may 
occur a problem of inferior strength of the permanent 
magnet. Accordingly, in this embodiment, a metal mem- 
ber 23 which has a good machining ability and excellent 
strength is integrally disposed within the inner portion of 
the permanent magnet 4. The metal member 23 has 
three recesses 23a for supporting roller guides 24 at the 
periphery thereof as illustrated in Fig. 8. The roller 
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guides 24 guide the mutual movement in an axial direc- 
tion between the metal guide member 23 and the arma- 
ture 1 . 

In this embodiment, projections and depression, 
which are engage with each other so as to prohibit their 
mutual rotation, are formed at the periphery of the brake 
rotor which has a large diameter of the armature and 
the inner surface of the case 1 1 . respectively, so that the 
armature 1 itself can move in an axial direction for a 
small distance so as to serve as an electro-magnetic 
braking device which brakes the rotation of the motor 
and so that it does not rotate about the axis. 

In the electro-magnetic braking device of the 
present invention which has such a construction as 
described above, when the rotation of the motor is 
stopped or performed, as described above, the mag- 
netic flux is controlled by the permanent magnet and the 
coil disposed at the left of the permanent magnet. 

Although the above-described explanation has 
been done with reference to a motor provided with an 
electro-magnetic brake, the present invention may be 
applied for a clutch device if the armature is movable in 
an axial direction and is rotatable about an axis. An 
example of such a clutch example is illustrated in Fig. 9. 

According to the motor provided with a clutch and 
illustrated in Fig. 9, the output of the motor is taken out 
and shut off. Accordingly, the brake rotors 19 and 21 
and brake pads 6 which were described with reference 
to the previous embodiment are replaced with clutch 
rotors 19 and 21 and clutch pads 6 in this embodiment. 
Further, this embodiment differs from the above- 
described embodiment in that not only the clutch rotor 
21 , the shaft 22 and the armature 1 are as a whole mov- 
able in an axial direction, but also they are rotatable 
about the axis. However, the constructions of the consti- 
tuting parts are substantially the same. In addition, the 
output member such as the gear wheel 25 was dis- 
posed at the shaft 13 in the above-described embodi- 
ment, an output member such as a gear wheel 25 is 
coupled to the shaft 22 of the clutch by means of spline 
24, and the clutch rotor 21 , the shaft 22 and the arma- 
ture 1 are moveable in an axial direction regardless of 
the gear wheel 25. Since the remaining constructions 
are similar to those of the above-described embodi- 
ment, further explanation therefor will be omitted. 

The present invention achieves the following advan- 
tages. 

(1) According to the present invention, the condi- 
tions of the brake or the clutch (operating condi- 
tion/non-operating condition) are not changed 
against will due to trouble of the parts constituting 
the brake, and accordingly, safety of the system 
increases. 

(2) According to the present invention, since the 
time for supplying electric current to the coil of the 
solenoid can be very short, power consumption can 
be remarkably reduced. 



(3) According to the present invention, when the 
brake pads are abraded, there is a tendency that 
the air gap is shortened, and as a result, the attract- 
ing force increases and the braking force increases. 

5 Thus, the performance is not adversely influenced 

even if abrasion occurs. 

(4) According to the present invention, if a stop is 
disposed at a predetermined position within the air 

10 gap, pressing force upon brake operation, i.e., bark- 
ing force and holding force during non-operating 
condition can be set at will. 

(5) Although the present invention has been 
15 explained by exemplifying application to an electro- 
magnetic brake or clutch in this specification, it is 
also applicable to a product, such as a solenoid 
valve, utilizing solenoid therein, and advantages 
similar to those described herein can be expected. 

20 

Claims 

1. A self holding type connecting device comprising 
an armature (1) which is disposed movably in an 

25 axial direction, a magnetic path member (2) having 
a cross section formed along a closed loop and 
having an axial space (2a) wherein axial movement 
of said armature (1) is permitted, a permanent 
magnet (4) secured to said magnetic path member 

30 (2) and forming two kinds of magnetic flux (<D1 and 
<D2: or and a>2) which pass through said armature 
(1) and said magnetic path member (2), an electric 
magnetic coil (3) which forms magnetic flux (a>: <D') 
for moving said armature (1) in an axial direction 

35 against said two kinds of magnetic flux (4>1 and 02: 
<D1 ' and 02'), and means for switching direction of 
said magnetic flux (<P: <D) from said electric mag- 
netic coil (3). 

40 2. A self holding type connecting device according to 
claim 1, wherein said armature (1) is movable in an 
axial direction and is unable to rotate, whereby said 
armature (1) constitutes an electro-magnetic brake 
for braking a rotating body (7, 19). 

45 

3. A self holding type connecting device according to 
claim 1, wherein said rotating body (19) is secured 
to a spindle (13) of a motor whereby a brake motor 
is constituted. 

50 

4. A self holding type connecting device according to 
claim 1, wherein said armature (1) is movable in an 
axial direction and is rotatable. whereby said arma- 
ture (1) constitutes an electro-magnetic clutch for 

55 transmitting rotation of a rotating body (19). 

5. A self holding type connecting device according to 
claim 4, wherein said rotating body (19) is secured 
to a spindle (13) of a motor whereby a motor pro- 
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vided with a dutch is constituted. 
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FIG.l 



CROSS SECTIONAL VIEW 

(HOLDING BRAKE IN OPERATING CONDITION) 




FIG. 2 



EQUIVALENT MAGNETIC CIRCUIT 
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FIG. 3 



EQUIVALENT MAGNETIC CIRCUIT 
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FIG. 4 



CROSS SECTIONAL VIEW 

(HOLDING BRAKE IN NON-OPERATING CONDITION) 
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FIG. 5 



EQUIVALENT MAGNETIC CIRCUIT 
<D1' > <t>2' 
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FIG. 6 



EQUIVALENT MAGNETIC CIRCUIT 
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